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RESEARCH MEMORANDUM 
LONGITUDINAL STABILLTY AND C O ~ O L  CHARACTERISTICS OF AN 

A 



. 

By Joseph Weil, Paul Comiaarw, and Kenneth W. Goodson 

Teste were m e ,  i_n_ the Langley 300 MPH 7- by 10-foot tunnel 
of an aLgL)lane model having a 42.80 m-eptback wirig w i t h  -assect ratio 
4 .OO, taper ratio 0.50, with a 42.80 megtbacl;  horizontal tai l ,  and 
a 40.3' sveptback ver t ica l  tail t o  determine its low-speed longl- 
tudinal stabill* anL control  characterietics. Thie investigation 
includes data on the effect of verticEtl-wLnG locatlon, fuselage size, 
h o r i z o n ~ l - ~ i l  location, and stall-con-&ol vanes on the wing. 

Much thought is c m a n t l y  being given to the desi@ of susrsonic 
airglanes. Many of' the yrqosed desigm incoqor&te rad€cal cbasl~se - 
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oharacterized by amplex f ie lds  of air  flow  both i n  the low- and 
high-speed fU&t ranges. Low-peed wind-tunnel t e s t s  are therefore 
neoessary to predict adeque-taly the low-speed aeroayaamic charno- 
te r ic t ics ,  especiaJ-ly f o r  the landing oonfiguration. 

This paper presents  the  results of an InvestiGntion made t o  
insure acceptable low-speed s tabi l i ty   character is t ics  for a specifia 
supersonic  design. Much of the data obtained, however, have General 
applioation, Data pertainlna  to  the  longitudinal  stabil i ty and 
oontrol f o r  variouo modificatiom, stall oharaoterietios, and the 
effeot of the presenoe of a pound board on the model a m  presented. 
The model inoorporates a 42.8O sweptback oircular-arc wing of  aspect 
m t i o  4.0 and taper r a t io  0.50. Lateral s t ab i l i t y  and control ata 
f o r  t h i s  model are  presented i n  reference 1. 

R previously  published  paper  dealt  with the s t ab i l i t y  c h m o -  
t e r i s t i c s  of a related SUpeiXOdO model which had. a 45.1' sweptback 
wing of aspect  ratio 2 . 2 and taper r a t i o  0.49 (reference 2). The 
a i r fo i l   sec t ion  of this wirg was of the W A  65 series. 

The resul ts ,  of the tes te  are presented as etandard NACA coeffi- 
ofents of  forces and manents. Pitchinvomont  ooeffioients  are 
@veri about the  center-of-gravity  location shown in  f igures  l(a) and 
1( b) (26.0 percent of the mean aerodynamio chord). The data are 
referred t o   t he   s t ab i l i t y  axes, whioh are a s y s t m  of axes  havirq 
t h e i r  origin at the  center of gravity and i n  which the z - a x i s  is i n  
the plane of  symmetry and perpendioular t o  the  relative w i n d ,  the 
X-a ia   i o   i n  the plane of synrmetry and. perpendioular t o  the Z-axis, 
and the Y-exis is  pel-pendiaular to   the  plane of symmetry, The 
positive  directions of the'  a tab i l i ty  m o s ,  of ang.iLar di~placement, 
o f  the aiqlane and control s u r f a c w  are shown i n  figure 2. 

cL 

The coefficients and symbola are defined as followa: 

cx longitudinal-force  ooefficient 
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np 

foroee along a x w S  pounda 

effeotive dynamic preseure at Sail ,  paunds per equare foot 

wing area (r2.70 sq ft) 
a i r f o i l  section ohord 

wing mean aerodpamlo ohord (M.A.C (1.6 ft) 

wing span (7.12 f t )  

air velocity, feet per ssoond 

sinking sped,  f ee t  per n i m t e  

mas6 density of air, slugs per cubio foot 

angle of a t tack of Fuselage center line, degrees 

-le of yaw, degrees 

angle of dowmash, degrees * 

angle of stabilizer with respect t o  fuselage center line, 
degrees; poaitive when t r a i l i n g  edge is d m  

oontrol-aurPaoe defleo'tion, meaeured perpendicular to 
referenoe line, degree6 

elevator defleotion meamred perpendioular to horizontal- 
t a i l  refereme line, degreee 

gecme+ric afhedra l  eagle, degrees 

niutral-pokt ,looation, percent of wing mean  aerodynamic 
chord (center-of-gravity looation for neutral  stability 
in trhmed flimt) 
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A mpeot  ratio 

MO 

W weight, pounds 

7 glide-path angle, degrees 

fresstream Mach number in tunnel 

cLa total   der ivat ive of l i f t  coeffioient with respect t o  a n g l e  
of attaok 

Subsoripts : 

Abbreviation6 : 

0 .g. center of gravity 

It is convenient t o  i3p0Ciii a method of designating wing and 
tail plan forms. For the present paper, a m e r i c a l  designation is 
adopted to indicate in order the sweepback, aspect ratio, and taper 
?&io of the wing and tail suwrfaoes. For exanple, in a w i n g  desi- 
tion of the f o m  

42.3 - 4.00 - 0.50, ' 
the number preceding the first .dash (42 6) gives the angle of w e e p  
back A in degrees measured with  reopeat to the leading edge, the 
number follcrwixg the first dash (4.00) gives the aspect r a t io  A, 

D 

b 
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i and tkie numbex f oUowing the second dash (0.30) givee the taper  
r a t i o  This notation H&B prevtously used i n  reference 2. 

Three-view drawings of t he  models are presented as figure I esd 
the physical charactei.iett:as of the models are  presented in table I. 
The models are  shown mounted for  testing in the kngley 300 "E 
7- by 10-foot tunnel i n  figure 3. 

The wi- was tewbed in a low and s&gh position (fig. 1(&) ) . 
Two fuselages were tested. The o ig ina l  fweLage had a fineness 
r a t i o  of 7.89, whereas the amaller.revf~ed %elage had a fineness 
m t i o  of 9.46. .(See fig; --l(a) .) .. 

Pariations of the vertfcal location of the hofizontal tail 
tested are shown i n  figure.&. In order t o  facflf-i;atc the  instal la t ion 
of the horizontal tail i n  the ra ised poaitions, a =&-inch-thick 
s t e e l   p l a t e  of the same plan f o m  aa the ver%ical tail  was used for 
this series of tests.  The small fuselage of the model was also 
extended 12 inches with a comtantaianeter cylinder inserted at  
s ta t ion  80.16 t o  obtaLn the effect of increased tail length of the 
horizontal tai l .  

.. 

. .  . Details of various s ta l l -cont ro l  vane .aof ig&tiona tested are 
presented i n  figure 5. Construction lines of t he  round leadi-dge 
modlfiaatfon of t h e  circular-arc wing are shown in figure 6. The 

8 f i l l e t  of the wing-fuselage . j u n c t u r e  is s h m  In figure 7. 
. .  

The effeotive Reynolds lwmber for same t e s t s  was increaeed by 
using a turbulence net (fig. 3(a) 1. The turbulenoe net was a 
standard f ish net made of L-fnch-diameter cotton "ine with a 

square mesh of 1' inches on a side, asd waa located 97 imhes upstream 

of the center line of the balanos frame. 
. 16 

'4 . .  

. .  . .  Flow wae 0b8ei~ed by m e a p s .  of tufts on t he  right wing for 
various flap conditions t o  detemine the stsll fng characterist ics of 
the model. The behavior of the   tuf ts ,  besides being observed visually, 
was also reoorded with a motiorr-picture oamem. - 

1 
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about 58 inches fornard and 66 inches, rebrard, of t h e  cente-f- 
gravity location of the model (fig.  8) .  The ground board w a ~  located 
14.1 o r  24.1 inches below t h e  referenoe oenter of gmvity a t  zero 
angle of attaok f o r  testing at  two gFuad heights. Figure 9 shows 
the model i n  the landing at t i tude  (15 1 i n  the tunnel with t h e  ground 
board 14.1inohes below t h e  reference center of gravity. 

* 

The elevator and. mdder were 2&percent--chord plain flap6 and 
were  .flat sided fram the hinge l i n e  t o  the t r a i l i n g  edge. For the 
large fuselage, the w i n g  had a 20-pement-ohord s p l i t  f lap  and a 
l>percen.tcohord nose .flap at the leadsng edge (fig. 10). For the 
amall flzselage, however, the wing kaP a 20Tpercen”chord p h i n  flap 
f o r  t l i e  ailerons and f laps  and a 15”percenhhord nose flap.  

Test Conditions 

’ Tes t s  were made at a dynamio pressure of 40.0 powds per s q u w x  
foot (Mo =.0-16)* The aorresponding Reynolds number (based on t h e  
M.A.C. of 1.85 f t )  was 2,150,OOO. The Reynolds number w a ~  computed 
ueing a turbulence fmtor of wlity. The degree ,of turbulence of the 
tunnel is not  known quantitatively but is believed t o  be maU. beoauae 
of the high contraotion r a t i o  (14:l) . 

A few t e s t a  were made with a turbulenoe net in plaoe. The  tu.^ 
bulence fabtor for these tests  waa 2.24, which oorresponds to an 
effeative Reynolds number of 4,820,000. 

correc tiom 

Tare comeotions were not applied sime they are considered 
negligible. Jet-baundarg oomectiona were oaqyted from reference 3 
and an unpublished analysis shows this to be In good agreem0nt f o r  
sweptbaak winga up t o  45O sweep.. Comeations applied were a8 follows: 

a =  

cx = cx, - 0.0203~~ 2 

cmM .t 0.010~ (for tail on) ‘ r, 
denotes measured value, 



7 L 

Jet-bounde3.g corrections were not applied t o  the.'&oun&&oard 
t e s t s  beoause they have been- shown to ba negligible (reference 4). 

A l l  I'arcea aJldmments were corrected. for bloak3ng, whioh waa 
computed by 8 method given i n  mfezence 5. 

An increment i n  LongLtndinal force c 0efr"icien-b of 0 . oOl5 has 
been applied t o  aocount for tho horizontal buoyancy. 

A table of the figures presenthg the' results i~l 

I. Longitudinal stabi3i'cg and control 
A. Wing-alone data . . . . . . . . . . . . . . . . .  
33. Effect of wiw positionL' . . . . . . . . . . .  
C Effect of vertical '  loqatlon of horizontal ,%ails 
D. Effeot of erteaded f-welages . . . . . . . . .  
E. Eifeot'  of stalJ.+ontrol vaness . . . . . . . .  
F,. EI'2ect of stall-contrcl vanes with roWa 

l e a a n g e Q 8  . . . . . . . . . . . . . . .  

given below: 

Figme No. 

. . . . .  u . 12 t o  13 . . .  16 t o  ig . . . . .  20 . . .  at0 25 

. . . . .  26 
G. Efrec t  of rounCL l eacng  edgeS . . . . . . . . . . . .  27 t o  29 
H. E:Pfeo.t of. wing filletL . . . . . . . . . . . . . . . . . . .  30 
I. Nose-flap deflec  tionL . . . . . . . . . . . . . . . . . .  31 
J. various spu.t+f&p a ~ d  me+fiap ocmbtnattonsL . . . . .  32 
K. Elevator effectivenessL . . . . . . . . . . . . . . . . .  33 
La Effect of Reynolda nunbe9 . . . . . . . . . . . . . . .  34 
M. Sinking speed glide-path angles . . . . . . . . . . .  35 

11. Stalling charmter ie t icsL . . . . . . . . . . . . . . . . . .  36 
rtr . Effect of gfoTma towns . . . . . . . . . . . . . . . .  37 to 38 
L large fuselage 
S fuselage 

DISCUSSION 

Longitudinal Stability and Control 
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The pitching-moment o w e  had a progressively  destabiliziw  trend at 
moderately h!.& lift coefficients, which was pobably oatissd by 
premature tip stalling. The l i f t -curve slope, for tlm wing alone 
( a t  low angles of attack) W&EI 0.061. 

cLa 

Effect of w i n g  po~it ion.-  Stabilizer data are presented for the 
low wiw position (r = 5.7O) anct the S€mihi& wtw poeition (r = 00) 
i n  figures 12 and 13, respectively. The elevato%fixed  neutral  points 
were computed f r a  these data, and are prerrented i n  f i g u x  14. 

For the flaps-neutral  con&tion tho model data indicate 
in s t ab i l i t y  above l i f t  coefficients of 0,44 and 0.32 for the Im’&nd. 
eemfhigh wing positions, respectively, a t  the 0.26 mem aoroqyna?nic 
chord reference  center of gravity. At.hi$her lift coefficients 
marked Imtabi1i”C;g ie Indioated. 

With the Zlaps deflected ( 8  = 55O; sfn = 30° - 60 percent apan) , fs 
the semihigh-wing confi~uration.shows =?ked ins tab i l i ty  above a lift 
coefficient of 0.25. (Soe fig* l3(b).) However, with the low-wing 
verEion (6n = 55 ; 8fr, = 30’ - 100 percent #pan), mutral s tab i l i ty  is 
indicated at about CL = 0.60, an$ at highor lfft coefficients only 
marginal  inatability is a h m  ug t o  t h e  8Ball where a marked instability 
is indicated. (See fig. 12fb) and 14. ) The principal  reason  for 
the higher s tabi l i ty  with the low-wine; version is  a t t r ibu tab le   to  a 
s u b s t a n t i & w  L O W ~ I ”  vklue of a s  /au ( f ig ,  15). Note. that for the 
l w  wing position, nom flaps, when wed, are  100-percent apan, while 
for the-semihigh wing,  n08e flaps were used only on the outbgard 
&percent sp&. Data f o r  the low wing poaitlon  indiaate the 100- 
percent-span nos0 flap8 had Elornewhat higher  stabil i ty than the 
bprcen-pan nose f k p e  at moderate l i f t  ooefflcients. (see 
figs.  31 and 32.) For stability reasom, the low wing position was 
adopted for  all: f’uture modeh. 

J. s. 

The C- (trimmed) for the low-wing modo1 was 0.85 with flaps 

neutral  and 1.20 with flaps deflected. For the semihigh-wing model, 
tho C (trimmed) wae 0.94 with f laps  neutral  and 1.35 with f h p s  

deflected. (See Pigo .  12 and 13. )  The largest  part of LCLJ due t o  
flap deflection, w a ~  attributable t o  thp effeot of nose-flap deflection 
on a c i rou~ar-aro  wing. (Soe ?if;. 32.) 

=w 

Effect of smaller fuselage.- Stabi l izer  data for  the revised 
fuaelage are presented i n  f igwe 16. (Horizontal-tail looation 
nlxmber 1 i 8  n o m 1  posftfon.) The neutral  points  presented  in 
figure 18 indioate a i l e O i ~ a S $ . ~  &ability a t h  incremed CL about 

I 
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i the 0.26 mean aero,dymmic chord center of gcavfty with fn8taIilLty 
j.ndi,cated above CL = 0.5. This is again attributable t o  a large 
increase in z,C/act  (fig. 19). The use of the s u l a r  meLEtge 
increased the stabili-ty  approximately  +percent m e e n  aerodgnamic 
chord (com-pke figs. 14 and 18) as ccmprared t o  a theorettcal  increase 
of 3.8 pement mean aerodynm30 bhord (refereme 4). 

For the landiug aondition . 8f = 50°, &f = 15' (&-percent 
P n 

apan) tha model was. atable thmugh the lift rB-Te except between 
l i f t  coefficients of 0.60 tp 0.eO where, slight ins ta5 i l l ty  ex is t s  
(fie. 18). 1x1 thio,  instance a b o  tbe values OS &fia ( f ig .  -19) 
remained ClOf3e t o  f. at high angles of attack, but the Mfroff 
aerodynamic center moved r e m a  at high uft coefficients  (f ig,   16(b)) 
which resulted i n  a corresponding stable neutral-point e h i f t .  No 
direot  comparison cam be made with the original Azselage condition 
because of the changed flaz configuration. 

Effect of r e r t i ca l  location of .the horizontal taJ.&.- An e f f o r t  
was made to improve statio longZtudina1 stabilitr by locating the 
horizoktal t a i l  fn a region of more 'favorable ~ O W P - W E ~ R ~ .  It was 
therefore  decided -i;o investi-te several ver t ica l  positfona of t h e  
hor i zon ta l   t a i l  (ffg. .5) .  Neutml.  points were ccmputed from the 
s t ab i l i ze r  data of figures 16 and 17 and are presented i n  f i m  18. 
When the hort-zontal %;ail l a 8  ra lsed  to. the  highest   posit ion  teated,  a 
considerable improvement wae, obtened  in the f l a p n e u t r d .   s t a b i l i t y  
in the higher l i f t  range; however, the  . s ta t ic  m.rgin aboGt the 
reference  center of gravity w a ~  s t i l l  rawginally  negative i n  this 
l i f t  range ( f ig .  IS). The impmvenent ehown reeul ts  mafnly f i -01~  the 
decrease i n  &/& (fig.  Ig(a) ) . Although the p w  pui-pose i n  
relocating  the tail wa8 t o  iInpove the f lapneutral   s - tabf l i ty ,  it 
also  increased the flapdown. ("fp = 0'; 6 = 15 - 40 'percent epan 

stabi l i ty ,   resul t ing i n  a positive s t a t i c  mr@n about 26pemen-b 
aenter of graviw 'throughout the lift range (fig.  18). 

fn 1 
With the horizontal tail i n  the low pocition, the s tabi l i ty  waa 

generally less at low CL comgareC: to   the  higher tail locatione 
-primarily because of a loss i n  efieative a;pnami~ preseure at the tail, 
(See f igs .  .18 and 19. ) Kcvever, near stall there i s  EA gain i n  
s t a b i l i t y  caused by the large reduction i n  &/aa, 

Effect of  extended fuselage.- S tab i l izer  data f o r  the extended 
fuselage are gresented in   f i gu re  20 %or the  flaparneutml  configuration. 
The extended .$"age  showed. very little improvement in the Stabi l i ty  
over that reaxzed  with the normal-tafI looation. (Ca2are  figs. 20 

16(a) . 1 



Effeot of s t a W o n t r o 1  vanes,- Wt studies ( f i ~ .  37) had 
sl1o.c.m a strong croas  flow t o  be pmaant,, espeoially i n  the region of 
the lead.in@I edge of the w5ng, which apparently  contributed t o  the 
separation over the outboard wing panel. It vas f e l t  that i f  this 
fldw could be alleviated, a beneficial rearward movement of the 
ving-2u.selage~ aerqdynamic center might be r'ealized. Consequcntly, it 
m a  decided'to  invoatigate a s e r i e s  of thin longitudinal vanes herein 
referred t o  as stall-control vmeB. A l l  of t he  vme oonfigurations 
sham i n  figure 5 were tested; however,' only pertinent  results a m  
prasented and diecusaed. The inl t ia l  vane teats  were made with the 
f lap8 .neutral usirg vanes I, 2, and 3(fig, 5 ) .  With the vane 
loaated a t  0.432. i'rm the aenter  section,  the p i t c h i ~ a e n t  curve 

2 . .  

. .  w a B  stable throughout  the l i f t  range except for  a "pip" at maximum 
lif't, cad vane looations at 0.3&' m d  0.60k gave s i m i l a r  resulto 

but w i t h  s l i g h t l y  l ess  iraprovement i n  the  pi.tahing+nment aume. 
(See f ig ,  21. } 

2 2 

. .It W&Q t h o u & %  that the S"&lling tendency sham at  C h ,  while 

s u r e l y  not  desirable, will nevsrtheless not be unduly dangerous, for 

dangerous overload. The flat-top U f t  curve  should be u help inasrmtoh 
as a few degrees above the angle a t  which the s t a l l i ng  mament is 
experienced a a t a b i l i z i r q  mcanent i e  snoountered,, (See f ig .  21.) It 
ehould also be ;.emambered tha t  many airplanes experienue l a t e r a l  o r  
lon&tudfnal trim che,ngos at eta11 and unless these changes oucur cloee 
to the ground o r  are partfoularly violent they. should be tolerable. 

'' there ahould be l i t t l e  paoe ib i l i ty  of inadvertently  pulling a 

U s i r g  the best spaslwlse looation found with t h o  rectangular vane, * 

the effeot  of'vane  size was investigated. A large reduction i n  s ize  
made l i t t l e  difference i n  the improvement obtained, providing the - vane was at  the lead3ng edge of the w i n g  .(fig. 22) 

Stabi l izer  data with vane 13 are  presented i n  ;Mgt"e 23 fo r  the 
: flaps  neutra;l +nd defleo  ted ( 8fp = 500; 6 = 150 - 40 percent apan 

. frosl whioh n e u t r a l   p i n t s  were obtained (fig.  24). Thi8 vane provided 
at least neutral  a t ab i l i t y  up t o  the stall, followed by the afore- 
mentioned p i p   i n  the &duMre. 

fn 

In the flaps-up condition,  practicalu a l l  of the increase in 
stability is provided by the rearward shift of the Tftwfuselage 

' aera3ymaI.c center with the vane OR. (See figs. 23( a) and 25. ) For 
the f l a y s - d m  configuration, the s t ab i l i t y  i s  affeoted only s l ight ly  I 

by the vane. (See figs. 23(b), 24 and 25.) 



Stal l -aontrol  vmes tes ted with a 100"percent-epa.n round leading 
edge had l f t t l a   e f f e c t  on the longitudina1"stAbility C h r a C t 0 r i S t i C 8 .  
(See f ig .  26.) The 8ruLt.l vane (vane 13) had no er'Zect on the pitohfng- 
moment Slope, but *l,he .lmge vane -showed acme slight fmprovament near 
the s t a l l .  Other t e s t s  have indicated that 1~3th %he round leading 
edge t h e   c r i t i c a l   c m s ~  f low present at the leading edge of the 
circulix+arc wing is alleviated, and a . ~  a- result the need. TOT the 
leadix&%dge vane c 888 sa. 

Effeat of rounded wing b a d i n w d g e  modir3catione .- Because of 
the Poor s tab i l i ty   charac te r ia t ios   a t  moderate asd high Uft coeffi- 
cients  with the sharp leading-edge win& a eerie8 .of fests we= made 
w i t h  the  lead.iw edge rounded as shorn in figwe 6 ,  The 100-percentr 
'span round leading edge apparent* showod a definite Improvement i n  
the  longitudinal stabi l i ty  for tho flap-peutzal  condition (fig. 27) 
with  s tabi l i ty  o o c m i n g  up t o  about CL = 0.7 after which i n s t ab i l i t y  
w a B  indicated. (See f ig ,  26.) However, at low l i f t  coeffioients the 
gain i n   S t a b i U t y  c&ri be almost  completely  attributed t o  the 0,075 
rearward movement of the wing mean aerodynamia chord affected by the 
nature of the moaffioation. (See f ig ,  6 . )  A t  a moderate lift coeffi- 
cient  (about 0.6) e larger increase in stability i 6  realized, main* 
became of the delaged t i p  stall associated 'brith the round leadiw 
edge. (Compare tail-off curvee, figs. 27 and 16(d.) m e  raised 
horizontal t a i l   ( p o s i t i o n  2) further increa~~es the s tab i l f ty  only 
s l igh t ly  (fig.  ,281. 

No ohange i n  s tab i l i ty  WBB noted when only the outboard %O pement 
of the wing span w a 8  romded (fig. Bf . 

. .  
Effect of Hi= f i l le t ."  The eff6c.t of wine: fillet (fig. 8) on 

the tail-of'J: aerodynamic aharacterist ice wa6 slight. (See fig. 30.1 

Effeo t of  nose-flap deflection.- Noee-fUp. deflec tSon resulted in 
' an hrovamen t  i n  the aerodvnamio chrunotsristioa which renulted fram 

Eb deliyed stal l  ( f ig .  31); "Deflecting  the 11080 fh.2 extended the 
stable  pitching-mment vapiation with Sf% coefficient to a larger 
l i f t  range f o r  bo th  f a p  oonfigumtions: 
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the  followim tablb: 

c 

" 

I 
0.93 

" 

0.08 

"B 
= 00 

1.10 

0.25 

tjfn = 30° 

(100 geroent b) 

Deflecting the noee f lap  a180 increased the an& of at taak for 
&ulmum l i f t   coeff ic ient ,   espeaial ly  fo;- the apli.tiflap neutral 
oondition, primarily by al leviat ing the negative pree~lure p e a 8  that 
came l e a d i w d g e  separation near maxirmrm 1Wt. 

It is also  internst ing  to  note the deorease i n  the drag coeffi-  
c ient  with nose-fbp deflection at a given l i f t  ooefficient. (See 
f ig .  31.) W i t h  a i r f o i b  having sharp loading.edges,  the drag coeffi- 
cient  increases fairly rapidly as the angle of attack departa from 
zero. Nose-flap defleotion has the favorable  effect of a large 
leading-edge radius, whiah tends to improve the aipflow conditions 
around the leading edge at  high 13.ft aoeffYxients and C h m  improves 
the a e r o d p m i c  charax: t e r i s t i o  E. 

Various eplit-flap and noae-f lap ombinatiom .- The effect8 of 
vaj.ious s p l l t i f h p  and noee-flap ambinations are presented i n  f i v e  32. 
For spU. t f l a p s  neutral and 6 ~ p e r c e n t  outboud span nom f laps  
deflected 30°, the p i t c m w a m e n t  curve is unstatCLe over a greater 
cL range than fo r  full-sp nom-flap deflection. (Cmpwe fie, 31(&) 
and 32(a) 1 It should be noted that t m e d  C b a  io about the 
atme for the reduced-span nose f laps  at3 with full-upan nose P h p o  L 



. 

. _. . . .. . .... 
(fig. 31(a)). Similady, f o r  the = 55' cordi t ion (fig. 32(b)), 

- t h e   s t a b i l i t y   i e  u~da~oralble over a greater 'JL-rmge with the 
60-percent-span nose flaps than with the 100-pexsnt-apan  nose f lap  
dsflected (oompare figs. 3l (b)  asd 32(b)), but the trimned C h  f a  

ac tuai ly  higher with -tk;e ama~e"pas-nose flaps 
. .  

Elevator  effectivenes8.- E~~~ator-effectiveness testa; whicrh 
 ere made y i th  the large fwekge  and the wing i n  the semihigh 
positlon (I? = Oo) , are piwsented in figme 33. The average elevator 
eff  sotiveness a C& Se t hmu@ the low lift range for the flaps- 
neutral c0~igLZTation was -0,0048. 

Effec't of Re;gr,olb 'number.- The results of pitch tests of 
figure 3!c (I) = 50) with the hrbulende net ins ta l led  showed that f o r  

The effects  Gf flap deflection on the e s t a t e &  sinking Epee& of a 
Full-scale akqlane a r e  presented i n  figure 35. ABove appro"tely 
142 miles per hour lover sinking speeds a r e  wsociated with f h p s  
neutral. 

The high sinking velocit tes sho~m i n  figure 35 (generally 
conceded sinklng speed Urnit-le00 f't/mfn) indicate that the airplane 
oannot be flm into  gromd contact  but w i l l  have t o  be '*flared" to 
reduce the landing-gear load8 at contact o r  that parer W I L L  be required 
t o  land. For a more heavily loaded EbiqLaSe, the ainkirig speed and 
the  veloclt ies shown in f igure  35 increase ae  the aquare root of the 
weight ratio, a d  landing without power will almoet be p~3cluded. 

Stall Characteristios 

The model f o r  these tests was with the large f'uaehge and the 
wing In the  low position. 

Bf, = 0% Efn = 00.- Tuft stml ies  of the  fla,ps-neutral condition 

( f ig .  36(a)) showed t h a t  the stall started at the t i p  of t h e  wing with 
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an outboard flaw along  the leaang edge (a = 2.5"). IJith  increasing 
angle of attack, the stall area moved inboard. 

Sfs = 55O; &fn = Oo .- For the spli . t-fhpdefle~ted-55~ o ondftion, 
the &f-L s-t;viLI.es shared an outboard flow slow the 1eadf.w edge. 
(See fig. 36(b).) As the ~ 1 e  of attack was inoreased t h e  tip area 
developed an cutboard flow, finally 8talUq, and the stall area 
moved inboard with higher W l e s  of' attaok. 

Sf, = 55O; 8fr, =I 30° (€%percent span) .- With the u p l i t  f l a p  

deflected 55' and the 6O-percenbs.pan nose f lapo  deflected 30°, the 
t i p  stall was delayed to a oomiderably higher angle of a t t a c k  
(canpare flgs.  36(b) and ~ 6 ( c )  j thm without nose-flap deflection. A t  
an angle of attack of 9.3 ,&all appeared slightly outboard of the 
root seation with an outboard flow on t h e  outer wirg panel. As the 
angle of attack increaseci, the t i p  stalls and the inboard. a t a l l  area 

. is immased. Mmlly. (a = 13.6O) the s ta l l  area enveloped  most of 
the wing  except near the wing-fuselage juncture. 

Sfs = 5 5 O ;  6fn = 30' ( lO&percent opan) .- With nom-flap 
defleotion  extended  to 100-percent span, the i;nboa;-d, stall area 
present with 6~-percsnt-~pasl nose flaps was eliminated.  Otherwise, 
the increased. nose-flag span ap ear8 t o  oause l i t t l e  change i n  the 
stall trend. ( ~ a p a r e  fies. 3 6 7 ~ )  an& 36(d).) 

- 

Ground Ef f ea ts 

Stabi l izer  data axe presented i n  fi@res 37 and 38 f o r  tho model 1 

( s ta l l -cont ro l  vane 13) i n   t he  presenoe of a ground b o d  14.1 imhee 
and 24.1 inches belt?w t h o  center of &vity,  respectively. The 
ground board extended t h e  stable pitching4nomnt  variation wfth lift 
coefficient for both f l ap  configurations  to himer l i f t  aoefficfents 
than were obtained. without the grovmd board. 

There I s  a pronounced pip erLdent in the pitchin@;-mcment cUrVeH 
f o r  both f lapneut ra l  and f lapdef lec ted  condrltions near C h  when 
the ground-board height is 14.1 lnchee below the  center of gravity. 
The pip is less  pronouqoed ( f laps  dam) wi$h the model farther away 
frm the ground board. (Ccaorp~tre f f g ~ .  37(a) and 38.) 

.. . 
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The following conclusions are.based on tests of an ai-- 
model haxing a 42.8O smptback w i n g  with aspect   ra t io  4.00 and taper 
r a t i o  0.50 with a 42,8O sweptbmk horfzontsl. t a i l  and a 40.3' aweptr 
back ver t ioa l  tail: 

1, I n  the flaps-lleutral  condition the model tes ted   e i ther  a8 a 
law-wing or seanihim~q airplane becane metabla at moderate l i f t  
coefficients,  In the flap&d8flected condition, however, the 1- 
WiW model had a poartive statio margin which became lna-rgiml at the 
high l i f t  coefficients; whereas, the mmih5g-w'ing model became 
markedly metable at moderate lsft coefi'foieats. 

2, Small stall-control vane8 located at the leading edge of the 
low-wire veraion removed the longitufiprtl bstt3biU.Q present below 
tfie stall in the flap-neutral  copditian. 

3. It vae neceseary to mise the horizontal  t a i1 , ibou t  9.inches 
on the model vertical tail to effeot a aoneidemble improvement in the 
f l a p n e u t r a l   s t a b i u t y  in t h e  high l i f t  range. 

a larger lift range for both f lap  conditions. Nom-flag defleotion 
also inoreaeed the m x i m u ~  l i f t  coefficient and reduced the drag 
values , 

4.. Xose-flap defleation extended *e longitudinal 6ta;bility over 

Langley Memorial Aeronautical Laborators 
National AdrLsorg Coqudttee for Aer-utios 

Langley Field, Va. . 

a 
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Area, sq f ' t  

s p a ,  in. 

Sweepback, deg 

Aspect ratio 

Taper ratio 

Dihedral, dea 

Angle of incidence 

Mean aerorlyvnamic 
chord, in. 

Root ohord, in. 

Theoretical tip 
chord, in.  

Root a i r fo i l  section 

Tip a ir fo i l  motion 

Vertical Tail 
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Figure 1.- Three-view draving of a model witli a’42.8 - 4;OO.: 0.50 wing. 
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Mgure 1.- Concluded. 
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X 

Relative wind 

e 

Flgure 2. - System of axes and control-surface  hinge moments and 
deflections.  Positive  values of forces, moments, and angles are 
indicated by arrows. Positive  values of tab hinge moments and 
deflections are in the same directions as the positive values  for 
the control surfaces to which the tabs are attached. 
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Figure 3(a).- Threequarter rear view of the model with a 
42.8 - 4.00 - 0.50 wing mounted in the Langley 300 MPH 
7- by lO-foot tunnel; large fuselage; Sfs = @; 8% = 00. 
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Rgure 3(b).- Three-qmr  front view of the model with a 
42.8 - 4.00 - 0.50 wing mounted in the Langley 300, MFE 
7- by lo-foot tunnel; s m a ~  fuselage; 6 = 0 0 ;  8 = 00. 
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Figure 3(c).- Threequarter rear view of the model with a 
42.8 - 4.00 - 0.50 wing mounted in the Langley 300 MPH 
7- by 10-foot tunnel; small fuselage; 

(40-percent span). 
6f* 

= 600; 6 = 15' 
fn 

4. . 
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. 
Figure 4. - Horizontal-tail locations as tested on the model with a 

42.8 - 4.00 - 0.50 wing. 
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Figure 5.- Details of stall-vane configurations tested on a model 
with EL 42.8 - 4.00 - 0.50 wW. 
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R= 2.525 e 

Rgure 6.- Construction lines of the round leadhg-edge modification 
for the circular-arc wing of .the model with a 42.8 - 4.00 - 0.50 wing. al 

. .  . . 
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Figure 7.- The fillet of the wing-fusdage juncture of the model with a 
42.8 - 4.00 - 0.50 whg. 
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Figure 8.- Position of the model with a 42.8 - 4.00 - 0.50 wing and 
the ground board in the wind tunnel. (G ='e. A l l  dimensions in 
hches. 
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Figure 8.- A model with a 42.8 - 4.00 - 0.60 wiug in the landing 
attitude (15O) in the preslence of a ground board as tested in the 
-1ey300 MPR 7- by lo-foot tumeG s 500; 6 = 16' 

(40-percent span). 
fP fn 
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Figure 10.- The circular-arc wing showing the 0.20~ split flap 
deflected 55O and the 0.16~ nose flap deflected 300. 

. . . . . . . . . . . . . 
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-.4 0 d .  8 2 
L/ff coeffiaent 

Figure 11.- Aerodynamic characteristics in pitch of a 42.8 - 4.00 - 
0.50 wing; Efp = 00; 8% = oo; r = 3.50. 



40 NACA RM No. L7G28 

Figure 12.- Effect of stabilizer deflection on the  aerodynamic charac- 
teristics in pitch of a model with a 42.8 - 4.00 - 0.50 wing; large 
fuselage; low wing; r = 5.70. 
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Figure 12. - Concluded. 
- 
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Figure 13. - Concluded. 
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Figure 14. - The effect of wing position on the neutral points for a 
model with 42.8 - 4.00 - 0.50 wing; large fuselage. 
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Figure 15.- The  effect of wing position on the effective downwash 
’ angles and the dynamic-pressure ratios at the horizontal tail for 
a model with a 42.8 - 4.00 - 0.50 wing; large fuselage. 



Figure 

NACA RM No. L7G28 

16.- Effect of stabilizer  deflection and horizontal-ta il location 
on the aerodynamic characteristics of a model with a 42.8 - 4.00 - 
0.50 wing; small fuselage. 
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Figure 17.- Effect of stabilizer deflection at a low horizontal-tail 
location on the aerodynamic characteristics of a model with a 
42.8 - 4.00 - 0.50 wing; small fuselage. 
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Rg-ure 17. -- Concluded. 



figure 18. - Effect of horizontal-tail location on the neutral points 
for a model with a 42.8 - 4.00 - 0.50 wing; small fuselage. 

. 
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Figure 19.- Effect of horizontal-tail location on the effective down- 
wash angles and dynamic-pressure ratio at the horizontal tail 
for a model with a 42.8 - 4.00 - 0.50 wing; small fuselage. 
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Figure 19. - Concluded. 
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Figure 20.- Aerodynamic characteristics of a model with a 42.8 - 4.00 - - 
0.50 wing; extended small  fuselage; 6 = 0 0 ;  8 = 00. 

fP fn 
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Figure 21.- Effect of spanwise location on stall-control vanes on the 
aerodynamic characteristics of a model with a 42.8 - 4.00 - 0.50 
wing; s m a ~  fuselage; E = 0'; 5 = 0'; it = 0'. 
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Figure 21. - Concluded. 
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figure 22.- Effect of chordwise  geometry of stall-control vmes on the 
aerodynamic characteristics of a model with a 42.8 - 4.00 - 0.50 
w i n g ;  small  fuselage; 

8fP 
= 0 0 ;  6 = 0 0 ;  it = oo. 

fn 
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v 
F i m e  22.- Continued. 
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Figure 22.- Continued. 
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Figure 22. - Concluded. 
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Figure 23.- Effect of stabilizer deflection and stall-control vane  on the 
aerodynamic characteristics of a model with a 42.8 - 4.00 - 0.50 
wing; small  fuselage. 
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Figure 23. - Continued. 
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Figure 23. - Concluded. 
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Figure 24.- Effect of stall-control vane 13 on the neutral-point 
location of a model with a 42.8 - 4.00 - 0.50 wing; small  fuselage. 
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Figure 25.- Effective downwash angles and dynamic-pressure ratios 
at the horizontal tail with stall-control vane 13 on a model with a 
42.8 - 4.00 - 0.50 w3ng; small fuselage. 
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Figure 26.- Effect of sta,ll-coEt?ol"vanes on the aerodynamic charac- 
teristics of a model with a 42.8 - 4.00 - 0.50 wing with a full-span 
round leading  edge; small fuselage; = 0'; 6 = OO; i t=  OO. 
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Flgure 27.- Effect of stabilizer deflgt'tioon and horizontal-tail location 

with a 100-percent-span round leading edge on the aerodynamic 
characteristics of a model with a 42.8, - 4.00 - 0.50 wing; smR.11 
fuselage; 

"*P 
= 0 0 ;  €jf = 00. 
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Figure 28. - Effect of 100-percent-span round leading edge on neutral 
points for a model with a 42.8 - 4.00 - 0.50 wing; sfs = Oo; 
8 = go. fn 
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Figure 29.- Effect of various leading-edge configurations on the aero- 
dynamic characteristics of a model with a 42.8 - 4.00 - 0.50 wing; 
s m a ~ l  fuselage; 8 = oO; s = 0’; it = 00. 
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R W e  30.- Effect of wing fillet on the aerodynamic characteristics of 
a model with a 42.8 - 4.00 - 0.50 wing; large fuselage; 8 = oo; 

fs 
6 = 00. 
fn 
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Figure 31.- Effect of 100-percent-span  nose-flap  deflections of the 
wing leading  edge on the aerodynamic characteristics in pitch of 
a model with a 42.8 - 4.00 - 0.50 wing; large fuselage; 4 = 0'. 
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Figure 31. - Concluded. 
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Figure 32.- Effect of various split-flap and nose-flap combinations on 
the aerodynamic characteristics of a model with a 42.8 - 4.00 - 
0.50 wing; large fuselage. 
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Figure 32. - Continued. 
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Figure 32. - Concluded. 
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Figure 33.- Effect of elevator deflection on the aerodynamic charac- 
teristics of a model with a 42.8 - 4 .OO - 0.50 wing; large fuselage; 
semihigh wing; EfS = 0 0 ;  6 = 0'; = 00. fn 
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Figure 34. - Effect of Reynolds number on the  aerodynamic ChUac- 
teristics in pitch of a model with a 42.8 - 4.00 - 0.50 wing; large 
fuselage; it = 0'; ~r = 5'. 
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Figure 34. - Concluded. 



Figure 35.- Effect of flap deflection on the estimated S h k i n g  speed 
and gllde-path angle for a modei with a 42.8 - 4.00 - 0.50 wing; 
s m a ~  fuselage; W/S = 33.3 at  sea level. 
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Figure 36.- Stal l ing characteristics shown on right wing of a model 
with a 42.8 - 4.00 - 0.50 wing. 
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Figure 37. - Effect of stabilizer deflection on the  aerodynamic charac- 
teristics of a model with a 42.8 - 4.00 - 0.50 wing I n .  the presence 
of a ground board 14.1 inches below center of gravity; small  
fuselage. 
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Figure- 37. - Concluded. 
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Figure 38.- Effect of stabilizer deflection on the aerodmami - c charac- 
teristics of a model with a 42.8 - 4.00 - 0.50 wing in the presence . 
of a ground board 24.1 inches bzlow center of gravity; small 
fuselage; 6 = 50'; 6 = 15 (40-percent span). 
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